Background: Acne scars are a major concerning problem to all acne patients affect-
grafting, dermabrasion, and tissue augmentation. The clinical utility of these treatments is limited due to complications such as incomplete scar removal, poor intraoperative visualization, scar worsening, tissue fibrosis, and permanent pigmentary alteration. 4 New techniques have been added to improve the outcome of acne scars treatment, and older ones have been modified to improve risk-benefit profiles. Moreover, combined modalities are often required to achieve best results. 5 Platelet-rich plasma (PRP) treatment is performed via the autologous injection of high concentration of platelets in a small volume of plasma. PRP is commonly used in dermatology and plastic surgery, especially for treating chronic wounds, ulcers, and burns. Lately, PRP has also started to be used in volumetric filling, skin rejuvenation, acne scars, and alopecia. 6 The most important contents of platelets are present in the agranules. There are more than 30 bioactive substances in these granules such as platelet-derived growth factor (PDGF), transforming growth factor (TGF)-b1, 2, epidermal growth factor, and mitogenic growth factors such as platelet-derived angiogenesis factor and fibrinogen. 7 Fractional ablative carbon dioxide (CO 2 ) laser (FCL) therapy is based on the theory of fractional photothermolysis creating microscopic channels of thermal injury in the skin, skin tightening and smoothening through ablation and re-epithelialization, and elevation of the floor of depressed scars through collagen remodeling. The CO 2 laser wavelength is 10 600 targeting water in epidermis and superficial dermis. Fractional ablative lasers have been widely used in acne scars, with favorable results despite the possible complications. 8 Carboxytherapy refers to the cutaneous and subcutaneous administration of carbon dioxide gas [CO 2 ] for therapeutic purposes. 9 Carboxytherapy has the same effect as needle subcision as it has the ability to improve blood flow, vascularization, and collagen synthesis. Moreover, carboxytherapy was found to improve skin elasticity, circulation, encourages collagen repair, improves the appearance of fine lines and wrinkles, and destroys localized fatty deposits. 10 Intradermal injection of CO 2 has many advantages, especially because of the clinically favorable results observed, its low cost, and safety. However, there is a lack of scientific evidence regarding the histological modifications that occur with the intradermal injection of CO 2 . This study included forty patients with atrophic acne scars.
Patients using contraceptive pills, anticoagulant, aspirin, skin type 5 or 6, patients who have been treated with lasers or chemical peels within the last month and patients known to be HIV or hepatitis B or C positive or immunocompromised were excluded from the study.
Patients were subjected to complete history taking (including personal history, acne vulgaris history as well as history of other skin diseases or drug intake) and general clinical and cutaneous examination.
Local anesthetic cream (5% lidocaine) was applied to the area to be treated in all patients and under occlusion for 60 minutes before the procedure to minimize pain or discomfort. Then, the whole face was cleansed using a mild cleanser and dried with sterile gauze.
Patients were divided into two groups:
| Group A
Twenty patients were subjected to three sessions of PRP intradermal injection after fractional CO 2 laser with 1 month apart.
The face was subjected to fractional CO 2 laser (Smartxide DOT, Advanced CO 2 Fractional technology, DEKA, Florence, Italy). The treatment parameters were power, 15 W; dwell time, 600 ms; spacing, 700 lm; smart stack, level 3. Ice packs were used to minimize heat and pain during and after the procedure. Afterward, the treated areas were injected with autologous PRP. 
| Group B
Twenty patients were subjected to three sessions of PRP intradermal injection, and then, CO 2 gas (Carboxytherapy machine (Cell-Q CARBO, Seoul, South Korea)) was injected intradermally in the area of scars using a 30G needle with flow 80 cc/min. The clinical endpoint of each injection is at the occurrence of an erythema and distension of the injected tissue.
Follow-up for all patients was carried out after 1 week of each session for early complications (edema, hyperpigmentation, and pain) and then for 3 months after the last session. Photographs were taken before and after last session.
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Patients' evaluation by two dermatologists and patients' satisfaction were given an improvement score:{+:0%-25% (minimum),++: 25%-50% (moderate),+++: 50%-75% (good),++++:75%-100% (very good),where +/-means no change}.
| Statistical analysis
Results were expressed as number (%). Comparison between categorical data was performed using chi-square test. The data were considered significant if P value was equal to or less than .05. Statistical analysis was performed with the SPSS computer program (version 16 Windows).
| RESULTS
Both genders were included in the study as group (A) included 5 males and 15 females, while group (B) consists of only one male and 19 females. While the range of ages of patients in group A was from 18 to 47 years with a mean of 28.65 AE 7.74 years, the range of ages of group B was from 17 to 40 years with a mean of 25.10 AE 6.70 years. Five patients in group A were smokers, while in group B, three patients were smokers. There was no statistically significant difference in all demographic data between the two groups.
As regards occupation of patients, in group (A), nine (45%) patients were employee, six (30%) were students, and five (25%)
were housewives with only four (20%) patients reporting a history of exacerbation of their acne lesions with sun, while in group (B), eight (40%) patients were employee, eight (40%) were students, and four (20%) were housewives with only four (20%) patients reporting a history of exacerbation of their acne lesions with sun. In group (A), five (25%) patients reported family history of acne and only three (15%) patients reported family history of acne scars, while in group (B), six (30%) patients reported family history of acne and four (20%) patients reported family history of acne scars with no statistically significant difference in occupation, sun exposure, family history of acne, and acne scars between the two groups.
Patients included in this study had different skin types. In group (A), 45% had skin type II, 35% had skin type III, and 20% had skin type IV, while in group (B), 45% had skin type II, 40% had skin type III, and 15% had skin type IV with no statistically significant differences between the two groups.
According to the predominant scar, 4 (20%) patients in group (A) had boxcar scar and 16 (80%) had rolling scar, while in group (B), 5 (25%) patients had boxcar scar, 14(70%) had rolling scar, and only one patient had icepick scar with no statistically significant differences between the two groups (P value = .275).
Evaluation of patients' improvement indicated a statistically significant improvement of acne scars in group A compared to group B (Table 1) (Figures 1-3) , with no statistically significant differences between the two groups in patients' satisfaction ( Table 2) .
As regards pain, in group (A), most of the patients had pain (70%), while in group (B), most of patients had no pain (60%). In group (A), most of the patients had no post-treatment hyperpigmentation (80%), as well as in group (B) most of patients had no posttreatment hyperpigmentation (95%) with no statistically significant differences between the two groups in pain and post-treatment hyperpigmentation. As regards edema, in group (A), most of the patients had edema (90%), while in group (B), half of patients had edema (50%) with statistically significant differences between the two groups.
In both groups, there was a statistically significant improvement in treatment as regards skin type, with more improvement in patients with skin type II (Tables 3 and 4) .
In group (A), there was a statistically significant difference between smokers and nonsmokers in response to treatment, with more improvement in nonsmoker patients (Table 5 ).
There was no statistically significant difference in response to treatment as regards predominant scar in groups (A) and (B). P value = (.074) (.052), respectively.
| DISCUSSION
Multiple treatment modalities with different protocols for acne scars have been tried, either singly or in combination with different results. The best treatment option for acne scars is still unavailable, so dermatologists have tried to put protocols, but still there is no consensus on the best treatment. 11 In this study, evaluation was assessed with grading scale to evaluate the degree of improvement of the scars after therapy. Patients' evaluation in group (A) shows that 45% had very good evaluation score, 25% had good evaluation score, 25% had moderate evaluation score, and 5% had minimum evaluation score. bon dioxide laser, they also showed that side effects were fewer on the platelet-rich plasma sides (both intradermal and topical) than the other sides. Other studies also reported less erythema after adding platelet-rich plasma to laser therapy. 13, 16 Platelets help wound healing, not only through matrix formation, but also through cell differentiation and proliferation as well as angiogenesis. 17 Upon platelet activation during the PRP preparation, 30% of the growth factors are released and the 70% is released over the following 8 days in the tissues, which is the platelet life span, where they are all in physiological amounts, thus better than recombinant growth factors. 18 As regards group (B), 35% of patients had good evaluation score, 30% had minimum evaluation score, 23% had moderate evaluation score, and 10% had very good evaluation score with statistically significant differences between the two groups in favor of CO 2 laser.
The tissue stretching during infusion induces a subclinical inflammation, which triggers tissue regeneration processes that induce the activation of macrophages, fibroblasts, and endothelial cells that stimulate remodeling of the extracellular matrix. | 153 Carboxytherapy can also be used to improve scar tissue through the increase in collagen deposition and reorganization, and the improvement in skin texture and tone. 19 In group B, subcutaneous injection of CO 2 gas (carboxytherapy)
adds an adjuvant effect to the PRP by its effect on increasing the circulation and improving the collagen remodeling under the scar in addition to its subcision effect. Patients of group B showed improvement but less than laser group.
As far as we know, this study was the first to compare the efficacy of intradermal injection of PRP with carboxytherapy and PRP with fractional CO 2 laser in treatment of acne scars.
When patients were questioned about their overall satisfaction, no statistically significant differences were found between the two groups. This may mean that the two treatment modalities showed improvement in acne scars, no complete healing was achieved causing dissatisfaction of patients, and although patients on laser therapy much improved than patients on carboxytherapy, they had more side effects affecting their satisfaction of treatment.
In this study, there was a statistically significant difference in response to treatments regarding skin type, with better improvement of patients with skin type II than darker skin types. Also, nonsmokers in group A showed better improvement in their scars than smokers, and this may be due to less vascularity and oxygenation of the blood. 
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